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trols a memory from/to which data are read/written by a
processor. The memory control device includes a clock
switcher and a control signal switcher. The clock receives as
input a first clock and a second clock at a higher frequency
than the first clock, supplies the first clock to the memory until
the second clock becomes stable, and supplies the second
clock after the second clock has become stable. The a control
signal switcher starts supplying, to the memory, a first control
signal for initializing the memory to a state allowing reading/
writing of data by the processor while the first clock is being
supplied to the memory, and supplies, to the memory, a sec-
ond control signal according to the reading/writing of data by
the processor, after the second clock is supplied to the
memory and the memory is initialized.
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MEMORY CONTROL DEVICE,
SEMICONDUCTOR DEVICE, AND SYSTEM
BOARD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-152108,
filed on Jul. 6, 2012; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a
memory control device, a semiconductor device, and a sys-
tem board.

BACKGROUND

It is desirable that portable information processing devices
such as tablet devices and smart phones operate with effective
use of limited power. Reduction in power consumption of
information processing devices is therefore a major issue.

Power consumption of an information processing device
can be reduced by stopping a high-frequency oscillator that is
a clock source in processing tasks by a processor when the
processor is in a standby state (a state in which the processor
continues waiting for an interrupt) waiting for an input from
a device. Power consumption of an information processing
device can further be reduced by stopping power supply to a
memory from/to which data are read/written by a processor in
the standby state.

When the processor receives an interrupt and the informa-
tion processing device resumes from the standby state, how-
ever, there is a problem that it takes time for the processor to
be ready for reading/writing data from/to the memory if the
high-frequency oscillator is first started and the memory is
then initialized after the clock has become stable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an outline view of an information processing
device including a memory controller according to an
embodiment;

FIG. 2 is a block diagram illustrating an exemplary hard-
ware configuration of the information processing device;

FIG. 3 is a block diagram illustrating an exemplary con-
figuration of a main part of the information processing device;

FIG. 4 is a timing chart for explaining operation for exiting
standby according to the related art;

FIG. 5 is a timing chart for explaining a memory initializa-
tion process according to the related art;

FIG. 6 is a timing chart for explaining operation for exiting
standby according to the embodiment;

FIG. 7 is a block diagram illustrating an exemplary con-
figuration of the memory controller according to the embodi-
ment;

FIG. 8 is a timing chart for explaining a memory initializa-
tion process according to the embodiment;

FIG. 9 is a timing chart for explaining another example of
the memory initialization process according to the embodi-
ment;

FIG. 10 is a timing chart for explaining operation of the
memory controller according to the embodiment;

FIG. 11 is a timing chart for explaining operation of the
memory controller according to the embodiment; and

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 12 is a timing chart for explaining operation of the
memory controller according to the embodiment.

DETAILED DESCRIPTION

According to an embodiment, a memory control device
controls a memory from/to which data are read/written by a
processor. The memory control device includes a clock
switcher and a control signal switcher. The clock switcher
receives a first clock and a second clock of which clock
frequency is higher than that of the first clock, supplies the
first clock to the memory until the second clock becomes
stable, and supplies the second clock after the second clock
has become stable. The control signal switcher starts supply-
ing, to the memory, a first control signal for initializing the
memory to a state allowing reading/writing of data by the
processor while the first clock is being supplied to the
memory, and supplies, to the memory, a second control signal
according to the reading/writing of data by the processor,
after the second clock is supplied to the memory and the
memory is initialized.

FIG. 1 is a diagram illustrating an outline of an information
processing device 1 including a memory controller according
to the embodiment. The information processing device 1is a
tablet type information terminal device.

The information processing device 1 has a display unit 2a
on a terminal surface thereof. For the display unit 2a, a reflec-
tive liquid crystal display with a low power consumption or
electronic paper, for example, is used. The information pro-
cessing device 1 also includes asolar cell 3 on parts except the
display unit 2a on the terminal surface. The information pro-
cessing device 1 also includes a touch panel 25 that functions
as a pointing device on the surface of the display unit 2a. The
information processing device 1 further includes a keyboard
4 at a position on the terminal surface that does not overlap
with the display unit 2a. The keyboard 4 may be realized by
placing the transparent touch panel 26 on the surface of the
solar cell 3. Alternatively, the keyboard 4 may be realized as
amechanical keyboard using a transparent material or a mate-
rial with little light blocking part.

FIG. 2 is a block diagram illustrating an exemplary hard-
ware configuration of the information processing device 1.
The information processing device 1 includes, as a main
hardware configuration, modules including a system-on-chip
(SoC) 10, a main memory 5, a secondary storage 6, the solar
cell 3, an accumulating unit 7, a power management inte-
grated circuit (PMIC) 8, the display unit 24, the touch panel
2b, the keyboard 4, and a communication interface (I/F) 9.

The information processing device 1 operates on power
generated by the solar cell 3. The power generated by the solar
cell 3 alone, however, cannot cover peak power consumption
of the entire information processing device 1 in operation
(when the information processing device 1 is performing
some process). Accordingly, surplus power generated by the
solar cell 3 is charged in the accumulating unit 7 during idle
periods (such as periods during which a response from a user
is being waited or periods during which the information pro-
cessing device is not being used). Then, during operation, the
PMIC 8 combines the power accumulated by the accumulat-
ing unit 7 and the power generated by the solar cell 3, adjusts
the voltage thereof to a required voltage and supplies the
adjusted power to the modules of the information processing
device 1. Such power supply control is called peak assist or
peak shift.

The accumulating unit 7 can be realized by a battery such
as a lithium ion battery, an electric double layer capacitor or
the like alone or in combination. For example, a possible
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combination is first accumulating power generated by the
solar cell 3 in the electric double layer capacitor and then
charging the accumulated power in the lithium ion battery.

The PMIC 8 is a module that supplies power to the modules
such as the SoC 10 and the main memory 5. The PMIC 8
changes the voltage of power supplied from the solar cell 3
and the accumulating unit 7 to a voltage required by the
modules such as the SoC 10 and the main memory 5, and
supplies the power to the modules. The PMIC 8 has a function
of turning power supply to the modules on/off.

The SoC 10 is a system LSI (semiconductor device) includ-
ing a processor (central processing unit; CPU) 11 thatis acore
for controlling the entire information processing device 1, a
memory controller (memory control device) 100 according to
the embodiment, and the like mounted on a semiconductor
substrate. Examples of specific configurations of the SoC 10
and the memory control device 100 will be described in detail
later.

The main memory 5 is a memory from/to which data are
read/written by the CPU 11 of the SoC 10 and is a main
storage unit used as work areas when the CPU 11 performs
various types of processing. Examples of the main memory 5
include a DRAM having synchronous interface such as a
double data rate synchronous dynamic random access
memory (DDR SDRAM), a double data rate 2 synchronous
dynamic random access memory (DDR2 SDRAM), a double
data rate 3 synchronous dynamic random access memory
(DDR3 SDRAM), a low power double data rate synchronous
dynamic random access memory (LPDDR SDRAM), and a
low power double data rate 2 synchronous dynamic random
access memory (LPDDR2 SDRAM).

The secondary storage 6 is an auxiliary storage unit using
a nonvolatile memory that stores data and programs required
by the information processing device 1. For the secondary
storage 6, a flash memory, for example, may be used. Alter-
natively, the secondary storage 6 may be an SD card or an
SSD.

The information processing device 1 includes the display
unit 2a, the touch panel 25, the keyboard 4 and the commu-
nication I/F 9 as input/output devices. The communication I/'F
9 is an interface for communication through a wireless local
area network (LAN), for example. The communication
method is not limited to the wireless LAN but any methods
such as a wired LAN, Bluetooth (registered trademark), Zig-
Bee (registered trademark), infrared communication, visible
light communication, an optical line network, a telephone
line network and the Internet can be used.

FIG. 3 is a block diagram illustrating an exemplary con-
figuration of a main part of the information processing device
1, in which the SoC 10, the main memory 5 and the PMIC 8
are selectively illustrated. These modules are mounted on a
mother board (system board) of the information processing
device 1, for example.

The SoC 10 includes the CPU 11 and the memory control-
ler 100 as described above. The CPU 11 and the memory
controller 100 are connected via a bus 12 formed on a chip.
The SoC 10 is connected to the external main memory 5 via
the memory controller 100. Power making the SoC 10 and the
main memory 5 operate is supplied from the PMIC 8.
Although not illustrated in FIG. 3, a controller for the input/
output devices such as the display unit 2a, the touch panel 25,
the keyboard 4 and the communication I/F 9 may be provided
in the SoC 10.

The SoC 10 also includes a low-frequency oscillator 13 and
a high-frequency oscillator 14 to generate clocks for causing
the system mounted on the chip to operate. The low-fre-
quency oscillator 13 has a 32-KHz crystal oscillator con-
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4

nected thereto and oscillates, for example. The high-fre-
quency oscillator 14 has a 24-MHz crystal oscillator
connected thereto and oscillates, for example.

The output of the low-frequency oscillator 13 is supplied as
a sub-clock to the CPU 11 and the memory controller 100,
and used for starting the system mounted on the chip and
operation in a standby state. The output of the high-frequency
oscillator 14, on the other hand, is further increased in fre-
quency by a phase locked loop (PLL) 15, then supplied to the
CPU 11 and the memory controller 100, and used as a main
clock when the CPU 11 performs various processes.

The SoC 10 further includes a power state managing unit
16 that controls the SoC 10 to enter a standby state in which
power consumption is low during idle periods. When there is
no task to be performed at once and an interrupt from the
input/output devices is to be waited for, the CPU 11 issues a
WFI (wait for interrupt) instruction and waits for an interrupt.
At this time, the power state managing unit 16 causes the SoC
10 to enter a standby state so as to reduce power consumption
while the CPU 11 is waiting for an interrupt. SoCs are often
provided with a plurality of types of standby states with
different power consumptions and different costs required for
transition thereto and waking up therefrom. In a standby state
with a low power consumption among such standby states,
the power state managing unit 16 performs power gating of
the modules in the SoC 10 and stops the high-frequency
oscillator 14 to stop supply of the main clock. In this state, the
power state managing unit 16 may also stop the PLL 15 atthe
same time in addition to the high-frequency oscillator 14. In
this state, the power state managing unit 16 also instructs the
PMIC 8 to stop power supply to the main memory 5 or
instructs the memory controller 100 to switch from a state in
which the main memory 5 is made to operate with a first
power consumption to a state (such as a deep power down
state or a self-refresh state) in which the main memory 5 is
made to wait with a second power consumption that is smaller
than the first power consumption so as to significantly reduce
the power consumption.

When occurrence of an interrupt from the input/output
devices is detected, the power state managing unit 16 disables
power gating of the modules in the SoC 10 if such power
gating is performed and resumes the operation of the high-
frequency oscillator 14 and the PLL 15 if these modules are
stopped. At this time, the power state managing unit 16 fur-
ther instructs the PMIC 8 to resume power supply to the main
memory 5 or instructs the memory controller 100 to switch
from the state in which the main memory is made to wait with
the second power consumption to the state in which the main
memory 5 is made to operate with the first power consump-
tion.

The power state managing unit 16 may output a standby
signal indicating whether the SoC 10 is in a standby state or
not, and instruct the PMIC 8 to stop or resume power supply
to the main memory 5 or instruct the memory controller 100
to switch between the state in which the main memory 5 is
made to operate with the first power consumption and the
state in which the main memory 5 is made to wait with the
second power consumption by using the standby signal. In
this case, the PMIC 8 stops power supply to the main memory
5 when the standby signal is turned on and resumes power
supply to the main memory 5 when the standby signal is
turned off. Furthermore, in this case, the memory controller
100 sends a signal (command) to the main memory 5 to enter
the state in which the main memory 5 waits with the second
power consumption when the standby signal is turned on
from off, and sends a signal (command) to the main memory
5 to enter the state in which the main memory 5 operates with
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the first power consumption when the standby signal is turned
off from on. As an alternative method, the power state man-
aging unit 16 may instructs the PMIC 8 of the memory con-
troller 100 by using a dedicated signal line instead of using the
standby signal.

Note that the power state managing unit 16 may also be
referred to as a power reset manager, a general power con-
troller or a low-leakage wake-up unit. Some or all of the
functions of the power state managing unit 16 may be
included in the CPU 11.

In a case where a volatile memory such as a DRAM as
described above is used as the main memory 5, data will
disappear when power supply to the main memory 5 is
stopped, which is not a problem, however, if the data are those
used for work by the CPU 11 in an executing state. If there are
data that should not disappear, the data may be stored in
another volatile memory to which power supply is not
stopped even in a standby state or may be stored in another
nonvolatile memory. Furthermore, a nonvolatile memory
such as a PCM oran MRAM may be used as the main memory
5 so that data will not disappear when power supply to the
main memory 5 is stopped.

When a DRAM is used as the main memory 5 and the main
memory 5 is caused to enter the waiting state with the second
power consumption, a self-refresh mode or a deep power
down mode of the DRAM can be used as the state in which the
main memory 5 waits with the second power consumption.

The sub-clock generated by the low-frequency oscillator
13 cannot be stopped because the sub-clock is necessary for
counting of a timer and monitoring an interrupt in the standby
state and for state transition from the standby state to the
operating state. The power consumption of the low-frequency
oscillator 13 is small as compared to that of the high-fre-
quency oscillator 14, and is therefore not a problem.

In the SoC 10 according to the embodiment, when the
power state managing unit 16 exits the standby state to make
the high-frequency oscillator 14 (and the PLL 15) to start
operating and instruct the PMIC 8 to start power supply to the
main memory 5 or instruct the memory controller 100 to
resume the state in which the main memory 5 operates with
the first power consumption from the state in which the main
memory 5 waits with the second power consumption upon
receipt of an interrupt from the input/output devices, the
memory controller 100 starts initialization of the main
memory 5 without waiting for the main clock to become
stable so as to shorten the time for the CPU 11 to be ready for
processing the interrupt.

Typical operation for exiting standby according to the
related art will be described here as a comparative example
with respect to the embodiment with reference to FIG. 4. F1G.
4 is a timing chart of transition from a standby state to an
operating state upon receipt of an interrupt by a typical SoC
according to the related art. The configuration of the typical
SoC according to the related art is similar to that of the SoC 10
according to the embodiment illustrated in FIG. 3 but differs
from the embodiment in that the sub-clock generated by the
low-frequency oscillator 13 is not supplied to the memory
controller 100 and that the memory controller 100 does not
perform operation based on the sub-clock. In the following
description, components of the comparative example that
correspond to those in the embodiment will be designated by
reference numerals of the components in the embodiment
with a suffix n added thereto for convenience sake.

When an interrupt is input to the CPU 11z from any of the
input/output devices at time T1, the standby state is exited by
the power state managing unit 16 that has detected the inter-
rupt. With the typical SoC 10z according to the related art, a
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6

standby signal indicating a standby state is defined and the
standby signal becomes low level when the standby state is
exited. With this process, the power state managing unit 16 of
the SoC 10z first makes the high-frequency oscillator 14»
(and the PLL 15z if necessary) start operating and waits until
the oscillation of the high-frequency oscillator 147 becomes
stable. The output of the high-frequency oscillator 147 is
input to the PLL 15#, which increases the frequency thereof
to generate the main clock. When power supply to the main
memory 5z is stopped in the standby state, the power state
managing unit 16 of the SoC 10z instructs the PMIC 8z to
start power supply to the main memory 5# at the timing when
the standby state is exited at time T1.

When the main clock becomes stable at time T2, the CPU
11z becomes in a state capable of performing interrupt pro-
cessing. At this point, however, initialization of the main
memory Sz is not finished, and the CPU 11» therefore
instructs the memory controller 100 to initialize the main
memory Sz. If the main memory 57 was made to enter the
waiting state with the second power consumption in the
standby state, the memory controller 1007 in receipt of the
instruction from the CPU 11z first makes the main memory
5n enter the operating state with the first power consumption
at this point. Then, at time T3, the memory controller 1007 in
receipt of the instruction from the CPU 11# starts initializa-
tion of the main memory 5z. When the initialization of the
main memory 5z is completed at time T4, the main memory
5n enters a state allowing reading/writing of data. Then, the
CPU 11» performs interrupt processing by using the main
memory 5r. Note that the memory controller 100z may be a
memory controller that starts initialization of the main
memory 5» in response to an instruction from the CPU 11z as
described above or may be a memory controller that starts
initialization of the main memory 5 in response to an instruc-
tion from the power state managing unit 16 having detected
that the main clock became stable after exiting standby.

The initialization of the main memory 5z is a process for
initializing the main memory 57 into a state allowing reading/
writing of data by the CPU 11z after the standby state is exited
and power supply to the main memory 5 is started or after the
main memory 5z is switched back from the waiting state with
the second power consumption to the operating state with the
first power consumption. Specifically, the initialization of the
main memory 5z is a process of setting parameters relating to
the burst length and signal delay in a control register in the
main memory 5z after a predetermined time has elapsed since
power supply to the main memory 5z is started or a process of
setting parameters relating to the burst length and signal delay
in a control register in the main memory 5 after a predeter-
mined has elapsed since the main memory 5z is switched
back from the waiting state with the second power consump-
tion to the operating state with the first power consumption.

A typical process of initializing the main memory 5r
according to the related art will be described here with refer-
ence to FIG. 5 assuming a case in which a DDR3 SDRAM is
used as the main memory 5z and in which power supply to the
main memory 5z is stopped in the standby state. FIG. 5is a
timing chart for explaining initialization of the main memory
5n by a typical memory controller 1007 according to the
related art.

In a case where the main memory 5z is a memory having a
synchronous interface such as a DDR3 SDRAM, the memory
controller 100~ supplies commands (first control signal) for
initializing the main memory 57 in synchronization with a
memory clock while supplying the memory clock to the main
memory 5z as illustrated in FIG. 5. In this process, the typical
memory controller 1007 according to the related art supplies
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the main clock as described above without any change or a
main clock obtained by changing the frequency thereof by a
PLL or a flip-flop as a memory clock to the main memory 5n.
Accordingly, the memory clock cannot be supplied to the
main memory Sz and the main memory 5z cannot be stabi-
lized until the main clock becomes stable.

Specifically, the typical memory controller 1007 according
to the related art waits until the main clock becomes stable
after the standby state is exited and power supply to the main
memory 5z is started. Then, when the main clock becomes
stable at time T11, the memory controller 100z starts supply
of the memory clock to the main memory 5#, and then con-
tinues to supply NOP (no operation) commands in synchro-
nization with the memory clock to the main memory 5z for a
predetermined period set in advance after a CKE (clock
enable) signal has become high level at time T12. The CKE
signal is a signal indicating whether the memory clock is valid
or not. A high level CKE signal indicates that the memory
clock is valid while a low level CKE signal indicates that the
memory clock is invalid.

Then at time T13, when the predetermined time elapsed,
the memory controller 1007 supplies an MRS (mode register
set) command for setting parameters relating to the burst
length and signal delay in the control register in the main
memory 5z in synchronization with the memory clock to the
main memory 5x. Then, after the initialization of the main
memory 5z is completed at time T14, the memory controller
1007 supplies commands (second control signal) according
to reading/writing data by the CPU 11z in synchronization
with the memory clock to the main memory 5#. FIG. 5 illus-
trates an example in which a READ command requesting to
read data is supplied to the main memory 5n.

As described above, the typical memory controller 1007
according to the related art is configured to start power supply
to the main memory 5» after the standby state is exited and
further start initialization of the main memory 5» after the
main clock has become stable. Accordingly, there is a prob-
lem that it takes time for the CPU 11# to be ready for reading/
writing data from/to the main memory Sz, that is, the delay
time from when an interrupt is input from any of the input/
output devices until the CPU 11 starts interrupt processing
becomes long.

Next, operation for exiting standby according to the
embodiment will be described with reference to FIG. 6. FIG.
6 is a timing chart of transition from the standby state to the
operating state upon receipt of an interrupt by the SoC 10
according to the embodiment.

When an interrupt is input from any of the input/output
devices at time T21, the standby state is exited by the power
state managing unit 16 of the SoC 10 and the standby signal
becomes low level. With this process, the power state man-
aging unit 16 of the SoC 10 first makes the high-frequency
oscillator 14 (and the PLL 15 if necessary) start operating.
When power supply to the main memory 5 is stopped in the
standby state, the power state managing unit 16 of the SoC 10
instructs the PMIC 8 to start power supply to the main
memory 5 at the timing when the standby state is exited at
time T21.

Since the sub-clock generated by the low-frequency oscil-
lator 13 is supplied to the memory controller 100 of the
embodiment as described above, the memory controller 100
can operate with the sub-clock before the main clock
becomes stable. Thus, when the standby state is exited at time
T21, the memory controller 100 of the embodiment starts
initialization of the main memory 5 in response to the instruc-
tion from the power state managing unit 16 without waiting
until the main clock becomes stable. If the main memory 5
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was made to enter the waiting state with the second power
consumption in the standby state, the memory controller 100
first makes the main memory 5 enter the operating state with
the first power consumption at this point. Then, when the
initialization of the main memory 5 is completed at time T22,
the main memory 5 becomes in a state allowing reading/
writing of data by the CPU 11.

When the main clock becomes stable at time T23 thereaf-
ter, the CPU 11 becomes in a state capable of performing
interrupt processing. Since the initialization of the main
memory 5 is already completed and the main memory 5 is in
a state allowing reading/writing of data at this point, the CPU
11 can start interrupt processing at this point. As described
above, since the initialization of the main memory 5 is per-
formed without waiting until the main clock becomes stable
after the standby state is exited and power supply to the main
memory 5 is started according to the embodiment, the delay
time from when an interrupt is input from any of the input/
output devices and the standby state is exited until the CPU 11
starts interrupt processing can be made short.

Note that it is assumed that the time required for initializa-
tion of the main memory 5 is shorter than the time until the
main clock becomes stable in the example illustrated in FI1G.
6. If the time required for initialization of the main memory 5
is longer than the time until the main clock becomes stable,
however, the CPU 11 needs to wait until the initialization of
the main memory 5 is completed after the main clock has
become stable before starting the interrupt processing. Even
in this case, the delay time until the CPU 11 starts interrupt
processing is shorter than that in the case in which initializa-
tion of the main memory 5g is started after the main clock has
become stable as in the related art.

FIG. 7 is a block diagram illustrating an exemplary con-
figuration of the memory controller 100 according to the
embodiment for implementing the operation for exiting
standby as illustrated in FIG. 6. The memory controller 100
according to the embodiment is connected with the CPU 11
via the bus 12 and receives as input two types of clocks, which
are the main clock at a high frequency and the sub-clock at a
low frequency, and a standby signal from the power state
managing unit 16.

A clock obtained by increasing the frequency of the output
from the high-frequency oscillator 14 of the SoC 10 by the
PLL 15 is used as the main clock. The main clock is stopped
in the standby state. On the other hand, the output from the
low-frequency oscillator 13 of the SoC 10 is used without any
change as the sub-clock. Alternatively, a clock obtained by
increasing the frequency of the output from the low-fre-
quency oscillator 13 of'the SoC 10 by a PLL different from the
PLL 15 may be used as the sub-clock. The sub-clock is not
stopped even in the standby state. The frequencies of the main
clock and the sub-clock input to the memory controller 100 is
determined within a range in which the main memory 5
connected to the memory controller 100 can operate.

The standby signal from the power state managing unit 16
is a signal that becomes high level (also be referred to as ON,
asserted or active) in the standby state and becomes low level
(also be referred to as OFF, deasserted or inactive) when the
standby state is exited as in the related art.

The memory controller 100 and the main memory 5 are
connected via signal lines defined by specifications of the
memory interfaces thereof as illustrated in FIG. 7. The signal
lines connecting the memory controller 100 and the main
memory 5 are roughly classified into a data signal line, a
memory clock signal line and a control signal line. The data
signal line is a signal line through which data read/written by
the CPU 11 from/to the main memory 5 are transmitted and
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has a width of 16 bits or 32 bits. The memory clock signal line
is a signal line through which the main clock to synchronize
transmission and reception of data and control signals
between the memory controller 100 and the main memory 5.
The control signal line is a signal line for transmitting
addresses, bank specification and commands, a plurality of
control signal lines is used depending on the types of signals
transmitted therethrough.

The memory controller 100 according to the embodiment
includes, for example, an initializing circuit 101, a read/write
control circuit 102, a clock switching circuit 103, and a con-
trol signal switching circuit 104 as illustrated in FIG. 7.

The initializing circuit 101 operates with the sub-clock at a
low frequency, and when exit from the standby state is
informed as a result of turning the standby signal off by the
power state managing unit 16, generates at least part of the
first half (an NOP command, for example) of a control signal
(first control signal) necessary for initialization of the main
memory 5 and supplies the generated part of the control signal
to the control signal switching circuit 104. In the case where
the main memory 5 is in the waiting state with the second
power consumption in the standby state, the initializing cir-
cuit 101 inserts at this point a control signal (command) for
switching the main memory 5 to the operating state with the
first power consumption at the beginning of the control signal
(first control signal) necessary for the initialization of the
main memory 5 and supplies the control signal to the control
signal switching circuit 104. When the exit from the standby
state is informed by the standby signal, the initializing circuit
101 also supplies the input sub-clock without any change or a
sub-clock obtained by changing the frequency of the input
sub-clock by a PLL or a flip-flop therein to the clock switch-
ing circuit 103. Hereinafter, the clock at a low frequency
supplied from the initializing circuit 101 to the clock switch-
ing circuit 103 will be referred to as a first clock. If the
sub-clock is used as the first clock without changing the
frequency thereof, the sub-clock input to the memory con-
troller 100 may be directly input to the clock switching circuit
103.

The read/write control circuit 102 operates with the main
clock at a high frequency, and in accordance with an instruc-
tion for memory access supplied from the CPU 11 via the bus
12, generates a control signal (second control signal) accord-
ing to reading/writing data from/to the main memory 5, sup-
plies the generated control signal to the control signal switch-
ing circuit 104, and also transmits/receives data read/written
by the CPU 11 from/to the main memory 5 by using the data
signal line. In a case where the initialization of the main
memory 5 is not completed even when the main clock has
become stable or in like cases, the read/write control circuit
102 generates part of the latter half (an MRS command, for
example) of the control signal (first control signal) necessary
for initialization of the main memory 5 and supplies the
generated part of the control signal to the control signal
switching circuit 104 before generating the control signal
(second control signal) according to reading/writing data
from/to the main memory 5. The read/write control circuit
102 also supplies the input main clock without any change or
a main clock obtained by changing the frequency thereof by
a PLL or a flip-flop to the clock switching circuit 103. Here-
inafter, the clock at a high frequency supplied from the read/
write control circuit 102 to the clock switching circuit 103
will be referred to as a second clock. If the main clock is used
as the second clock without changing the frequency thereof,
the main clock input to the memory controller 100 may be
directly input to the clock switching circuit 103.
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Since the read/write control circuit 102 operates with the
main clock similarly to the typical memory controller 100z
according to the related art, the read/write control circuit 102
cannot operate after the standby state is exited until the main
clock becomes stable.

In the case where the main memory 5 is made to wait with
the second power consumption in the standby state, a con-
figuration in which the standby signal is also connected to the
read/write control circuit 102 is used, for example. The read/
write control circuit 102 having detected that the standby
signal is turned on from off then sends a control signal (com-
mand) for switching to the waiting state with the second
power consumption to the main memory 5. As an alternative
method, there is also a method in which the CPU 11 instructs
the memory controller 100, at a point when the standby state
is entered, to send a control signal (command) for switching
the main memory 5 to the waiting state with the second power
consumption. In this case, the standby signal need not be
connected to the read/write control circuit 102. In the case
where power supply to the main memory 5 is stopped in the
standby state, the standby signal need not be connected to the
read/write control circuit 102, either.

The clock switching circuit 103 receives as input the first
clock at the low frequency from the initializing circuit 101
and the second clock at the high frequency from the read/
write control circuit 102, supplies the first clock as the
memory clock to the main memory 5 until the second clock
becomes stable and supplies the second clock as the memory
clock to the main memory 5 after the second clock has
become stable.

While the clock switching circuit 103 is supplying the first
clock as the memory clock to the main memory 5, the control
signal switching circuit 104 starts supplying the first control
signal generated by the initializing circuit 101 to the main
memory 5. The control signal switching circuit 104 continues
to supply the first control signal generated by the initializing
circuit 101 to the main memory 5, and if the initialization of
the main memory 5 is not completed even when the memory
clock supplied to the main memory 5 is switched from the first
clock to the second clock by the clock switching circuit 103,
then supplies the first control signal generated by the read/
write control circuit 102 to the main memory 5. After the
memory clock supplied to the main memory 5 is switched
from the first clock to the second clock by the clock switching
circuit 103 and after the initialization of the main memory 5 is
completed, the control signal switching circuit 104 supplies
the second control signal generated by the read/write control
circuit 102 to the main memory 5.

Examples of the method by which the memory controller
100 is informed that the second clock has become stable
include a method of informing the memory controller 100
that the second clock has become stable by the power state
managing unit 16, a method of using a signal indicating that
the main clock inthe SoC 10 is valid, amethod of determining
that the second clock is stable when a predetermined time has
elapsed since standby was exited on the basis of the standby
signal, and a method of providing instruction to the memory
controller 100 when the CPU 11 starts performing interrupt
processing.

Next, a process of initializing the main memory 5 by the
memory controller 100 according to the embodiment will be
described with reference to FIG. 8 assuming a case in which
a DDR3 SDRAM is used as the main memory 5 and in which
power supply to the main memory 5 is stopped in the standby
state. FIG. 8 is a timing chart for explaining initialization of
the main memory 5 by the memory controller 100 according
to the embodiment.
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When the standby state is exited and power supply from the
PMIC 8 to the main memory 5 is started at time T31, the
memory controller 100 of the embodiment first supplies the
first clock at the low frequency as the memory clock to the
main memory 5. The clock generated on the basis of the
sub-clock or the sub-clock without any change is used as the
first clock as described above. Then, the memory controller
100 supplies a high level CKE signal indicating that the
memory clock is valid to the main memory 5 at time T32, and
thereafter continues to supply NOP commands (first control
signal) in synchronization with the memory clock during a
predetermined time.

When the main clock has become stable, the memory con-
troller 100 switches the memory clock supplied to the main
memory 5 from the first clock at the low frequency to the
second clock at the high frequency at time T33. The clock
generated on the basis of the main clock or the main clock
without any change is used as the second clock as described
above. If the initialization of the main memory 5 is not com-
pleted at this point, the memory controller 100 continues the
initialization based on the main clock and supplies the rest of
commands necessary for the initialization in synchronization
with the memory clock switched to the second clock to the
main memory 5. In the example illustrated in FIG. 8, MRS
commands (first control signal) are supplied in synchroniza-
tion with the memory clock switched to the second clock to
the main memory 5.

Then, after the initialization of the main memory 5 is
completed at time T34, the memory controller 100 supplies
commands (second control signal) according to reading/writ-
ing data by the CPU 11 in synchronization with the memory
clock switched to the second clock to the main memory 5.
FIG. 8 illustrates an example in which a READ command
requesting to read data is supplied to the main memory 5. If
the initialization of the main memory 5 is completed at the
point (time T33) when the memory clock supplied to the main
memory 5 is switched from the first clock to the second clock,
the commands according to reading/writing data by the CPU
11 can be supplied to the main memory 5 immediately there-
after.

Note that, in the example illustrated in FIG. 8, the CKE
signal is still high level when the memory clock supplied to
the main memory 5 is switched from the first clock at the low
frequency to the second clock at the high frequency. Alterna-
tively, however, the CKE signal may be once made low level
when the frequency of the memory clock is switched and then
returned to high level as illustrated in FIG. 9.

FIG. 10 is a timing chart for explaining operation of the
memory controller 100 in performing the initialization pro-
cess illustrated in FIG. 8.

The initializing circuit 101 receives the sub-clock and the
standby signal as input, and when the standby state is exited
and the standby signal becomes low level at time T31, inputs
the first clock at the low frequency generated on the basis of
the sub-clock or using the sub-clock without any change to
the clock switching circuit 103. When the standby state is
exited, the initializing circuit 101 also generates commands
necessary for initialization of the main memory 5 and inputs
the generated commands to the control signal switching cir-
cuit 104. Specifically, after the CKE signal has become high
level at time T32, the initializing circuit 101 generates NOP
commands and input the generated NOP commands to the
control signal switching circuit 104 for a predetermined time.

The read/write control circuit 102 receives the main clock
as input, and when the main clock has become stable, starts
operating and inputs the second clock at the high frequency
generated on the basis of the main clock or using the main
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clock without any change to the clock switching circuit 103.
If the initialization of the main memory 5 is not completed
when the main clock has become stable and the read/write
control circuit 102 starts operating, the read/write control
circuit 102 also generates the rest (MRS commands in the
example of FIGS. 8 and 10) of the commands necessary for
the initialization and inputs the generated commands to the
control signal switching circuit 104. When the initialization
of'the main memory 5 is completed at time T34, the read/write
control circuit 102 then generates commands (READ com-
mands in the example of FIGS. 8 and 10) according to read-
ing/writing data by the CPU 11 and inputs the generated
commands to the control signal switching circuit 104.

The clock switching circuit 103 receives the first clock and
the second clock as input, and supplies the first clock as the
memory clock to the main memory 5 until the main clock
becomes stable. The clock switching circuit 103 then supplies
the second clock as the memory clock to the main memory 5
after the main clock has become stable (after time T33).

The control signal switching circuit 104 receives com-
mands generated by the initializing circuit 101 and com-
mands generated by the read/write control circuit 102 as
input, and supplies the commands generated by the initializ-
ing circuit 101 to the main memory 5 in synchronization with
the first clock until the main clock becomes stable. After the
main clock has become stable (after time T33), the control
signal switching circuit 104 supplies the commands gener-
ated by the read/write control circuit 102 to the main memory
5 in synchronization with the second clock.

Note that, in the example of FIGS. 8 and 10, a case in which
the time required for initialization of the main memory 5 is
longer than the time from when the standby state is exited
until the main clock becomes stable is assumed and the latter
half part of the commands required for initialization of the
main memory 5 is generated by the read/write control circuit
102. Alternatively, however, if the initialization of the main
memory 5 is completed before the main clock becomes
stable, all the commands required for initialization of the
main memory 5 may be generated by the initializing circuit
101 and the read/write control circuit 102 may generate only
commands according to reading/writing data by the CPU 11.

In the case where a DDR3 SDRAM is used as the main
memory 5, the memory controller 100 continues to supply
NOP commands to the main memory 5 for a predetermined
time since the CKE signal became high level, and supplies
MRS commands to the main memory 5 after the predeter-
mined time has elapsed. Although the commands supplied to
the main memory 5 are switched from the NOP commands to
the MRS commands when the main clock supplied to the
main memory 5 is switched from the first clock to the second
clock in FIGS. 8 and 10 for simplification of the description,
the switching is not limited thereto.

Specifically, if the predetermined time is longer than the
time until the main clock becomes stable, the read/write con-
trol circuit 102 generates the NOP commands until the pre-
determined time elapses, generates the MRS commands after
the predetermined time has elapsed, and when the initializa-
tion of the main memory 5 is completed thereafter, generates
READ commands and the like according to reading/writing
data by the CPU 11 as illustrated in FIG. 11. In this case, the
control signal switching circuit 104 supplies the NOP com-
mands generated by the initializing circuit 101 to the main
memory 5 until the main clock becomes stable and the
memory clock supplied to the main memory 5 is switched
from the first clock to the second clock, and supplies the NOP
commands generated by the read/write control circuit 102 to
the main memory 5 after the main clock has become stable
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and until the predetermined time elapses. Then, when the
predetermined time has elapsed, the control signal switching
circuit 104 supplies the MRS commands generated by the
read/write control circuit 102 to the main memory 5, and
when the initialization of the main memory 5 is completed,
supplies the READ commands or the like generated by the
read/write control circuit 102 to the main memory 5.

If the predetermined time is shorter than the time until the
main clock becomes stable, on the other hand, the initializing
circuit 101 generates the MRS commands after the predeter-
mined time has elapsed as illustrated in FIG. 12. If the initial-
ization of the main memory 5 is not completed when the main
clock has become stable and the memory clock supplied to the
main memory 5 is switched from the first clock to the second
clock, the read/write control circuit 102 generates the MRS
commands until the initialization of the main memory 5 is
completed. In this case, the control signal switching circuit
104 sequentially supplies the NOP commands and the MRS
commands generated by the initializing circuit 101 to the
main memory 5 until the main clock becomes stable and the
memory clock supplied to the main memory 5 is switched
from the first clock to the second clock, supplies the MRS
commands generated by the read/write control circuit 102 to
the main memory 5 after the main clock has become stable
until the initialization of the main memory 5 is completed,
and supplies the READ commands or the like generated by
the read/write control circuit 102 to the main memory 5 when
the initialization of the main memory 5 is completed.

The operation of the memory controller 100 when the
standby state is exited has been described above. When the
SoC 10 enters the standby state, on the other hand, the power
state managing unit 16 of the SoC 10 instructs the PMIC 8 to
stop power supply to the main memory 5 or instructs the
memory controller to change the main memory 5 from the
operating state with the first power consumption to the wait-
ing state with the second power consumption.

As described above, when the standby state is exited and
the power supply too the main memory 5 is started or the main
memory 5 is returned to the operating state with the first
power consumption from the waiting state with the second
power consumption, the memory controller 100 according to
the embodiment starts initialization of the main memory 5
without waiting until the main clock becomes stable, which
can reduce the delay time from when the standby state is
exited until the CPU 11 starts interrupt processing.

While an example in which a DRAM is used as the main
memory 5 is described in the embodiments described above,
various random access memories such as a static random
access memory (SRAM), a ferroelectric random access
memory (FeRAM), a phase change memory (PCM), a mag-
netoresistive random access memory (MRAM), a resistance
random access memory (ReRAM) and an NOR Flash can be
used as the main memory 5 in addition to the DRAM. In this
case, commands required for initialization of the main
memory 5 vary depending on the type of the interface of the
memory used as the main memory 5, and the memory con-
troller 100 may supply commands according to the type of the
interface of the memory used as the main memory 5 to the
main memory 5.

While the embodiment described above is an example that
is applied to the memory controller 100 connected to the main
memory 5, the memory controller to which the embodiment is
applied is not limited to this example. For example, the
embodiment can be applied to a memory controller connected
to a memory different from the main memory 5.

As described in detail above by way of specific examples,
it is possible to reduce the power consumption and shorten the
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time until a process becomes ready for reading/writing data
from/to a memory according to the memory controller 100 of
the embodiment.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A memory control device that controls a memory from/
to which data are read/written by a processor, the memory
control device comprising:

a clock switcher configured to

receive a first clock and a second clock of which clock
frequency is higher than that of the first clock, the
second clock being a clock generated by a high-fre-
quency oscillator that starts operating in response to
an input of an interrupt to the processor,

supply the first clock to the memory until the second
clock becomes stable, and

supply the second clock to the memory after the second
clock has become stable; and

a control signal switcher configured to

start supplying, to the memory to which the first clock is
being supplied, a first control signal for initializing the
memory to a state allowing reading/writing of data by
the processor when the interrupt is input to the pro-
cessor, and

supply, to the memory, a second control signal according
to the reading/writing of data by the processor, after
the second clock is supplied to the memory and the
memory is initialized.

2. The device according to claim 1, wherein

power supply to the memory is stopped in a standby state in

which the processor waits for the interrupt, and

the first control signal is a signal for setting a parameter in

a register of the memory after a predetermined time has
passed since power supply to the memory is started.

3. The device according to claim 2, wherein the control
signal switcher starts supplying the first control signal to the
memory when the standby state is exited.

4. The device according to claim 2, wherein the control
signal switcher starts supplying the first control signal to the
memory when power supply to the memory is started.

5. The device according to claim 1, wherein

the memory is changed from a state in which the memory

operates with a first power consumption to a state in
which the memory waits with a second power consump-
tion smaller than the first power consumption when the
processor is in a standby state waiting for the interrupt,
and

the first control signal is a signal for setting a parameter in

a register of the memory after a predetermined time has
passed since the memory is returned from the state in
which the memory waits with the second power con-
sumption to the state in which the memory operates with
the first power consumption.

6. The device according to claim 5, wherein the control
signal switcher starts supplying the first control signal to the
memory when the standby state is exited.
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7. The device according to claim 5, wherein the control
signal switcher starts supplying the first control signal to the
memory when the memory is returned from the state in which
the memory waits with the second power consumption to the
state in which the memory operates with the first power
consumption.

8. A semiconductor device comprising a processor and a
memory control device that controls a memory from/to which
data are read/written by the processor, the processor and the
memory control device being mounted on a semiconductor
substrate, wherein

the memory control device includes:

a clock switcher configured to

receive a first clock and a second clock of which clock
frequency is higher than that of the first clock, the
second clock being a clock generated by a high-fre-
quency oscillator that starts operating in response to
an input of an interrupt to the processor,

supply the first clock to the memory until the second
clock becomes stable, and

supply the second clock to the memory after the second
clock has become stable; and

a control signal switcher configured to

start supplying, to the memory to which the first clock is
being supplied, a first control signal for initializing the
memory to a state allowing reading/writing of data by
the processor when the interrupt is input to the pro-
cessor, and

supply, to the memory, a second control signal according
to the reading/writing of data by the processor, after
the second clock is supplied to the memory and the
memory is initialized.

9. A system board comprising a processor, a memory from/
to which data are read/written by the processor and a memory
control device that controls the memory mounted thereon,
wherein

the memory control device includes:

a clock switcher configured to

receive a first clock and a second clock of which clock
frequency is higher than that of the first clock, the
second clock being a clock generated by a high-fre-
quency oscillator that starts operating in response to
an input of an interrupt to the processor,

supply the first clock to the memory until the second
clock becomes stable, and

supply the second clock to the memory after the second
clock has become stable; and

a control signal switcher configured to

start supplying, to the memory to which the first clock is
being supplied, a first control signal for initializing the
memory to a state allowing reading/writing of data by
the processor when the interrupt is input to the pro-
cessor, and

supply, to the memory, a second control signal according
to the reading/writing of data by the processor, after
the second clock is supplied to the memory and the
memory is initialized.

10. A memory control device that controls a memory from/
to which data are read/written by a processor, wherein

the memory control device
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when an interrupt is input to the processor, starts sup-
plying a first control signal for initializing the
memory into a state allowing reading/writing of data
by the processor to the memory to which a first clock
is being supplied,

keeps on supplying the first clock to the memory until a
second clock of which clock frequency is higher than
that of the first clock has become stable, the second
clock being a clock generated by a high-frequency
oscillator that starts operating in response to the input
of the interrupt to the processor,

switches the clock supplied to the memory from the first
clock to the second clock after the second clock has
become stable, and

supplies, to the memory, a second control signal accord-
ing to the reading/writing of data by the processor
after supplying the second clock to the memory and
after the memory is initialized.

11. A memory control method of controlling a memory
from/to which data are read/written by a processor, the
method comprising:

receiving a first clock and a second clock of which clock

frequency is higher than that of the first clock, the second
clock being a clock generated by a high-frequency oscil-
lator that starts operating in response to an input of an
interrupt to the processor;

supplying the first clock to the memory until the second

clock becomes stable;

starting supplying, to the memory to which the first clock is

being supplied, a first control signal for initializing the
memory to a state allowing reading/writing of data by
the processor when the interrupt is input to the proces-
sor;

supplying the second clock to the memory after the second

clock has become stable; and

supplying, to the memory, a second control signal accord-

ing to the reading/writing of data by the processor, after
the second clock is supplied to the memory and the
memory is initialized.

12. A memory control method of controlling a memory
from/to which data are read/written by a processor, the
method comprising:

starting, when an interrupt is input to the processor, sup-

plying a first control signal for initializing the memory
into a state allowing reading/writing of data by the pro-
cessor to the memory to which a first clock is being
supplied;

keeping on supplying the first clock to the memory until a

second clock of which clock frequency is higher than
that of the first clock has become stable, the second clock
being a clock generated by a high-frequency oscillator
that starts operating in response to the input of the inter-
rupt to the processor;

switching the clock supplied to the memory from the first

clock to the second clock after the second clock has
become stable; and

supplying, to the memory, a second control signal accord-

ing to the reading/writing of data by the processor after
supplying the second clock to the memory and after the
memory is initialized.
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